of octyl-CNC was conducted in two steps as shown in Scheme S1 (Supporting information). 1 In the first step the CNCs' surface was activated by periodate oxidation. A sCNC slurry containing approximately 2.5 g of CNCs was diluted with deionised water to a total volume of 100 ml. To facilitate dispersion, the sCNC suspension was sonicated for 1 min using a Branson sonifier equipped with a 12-mm horn by applying 10% of a full power amplitude. 0.9 g (4.2 mmol) of KIO4 was dissolved in 25 ml of deionised water and added to this dispersed suspension (KIO4/CNC ratio 1.68 mmol g -1 ). The mixture was then stirred for 48 hours in the absence of light at room temperature. At the end of the reaction, 0.4 g of ethylene glycol was introduced to neutralise any unreacted KIO4. Oxidised CNCs were precipitated by adding NaCl (2wt%) and isolated by centrifugation. CNCs were further purified by washing with 2wt% NaCl solution using 4 cycles of resuspension/centrifugation. After that, oxidised CNCs were re-suspended in deionised water and dialysed using cellulose dialysis tubes (molecular cutoff 14 kDa) against deionised water. This dialysed suspension of oxidised CNCs was used in the reductive amination reaction (step 2) to S-3 bind octylamine via a reaction with aldehyde groups. To perform this reaction, the dialysed suspension was diluted with deionised water to a total volume of 200 ml. 2.5 g (19.3 mmol) of octylamine was then added to the suspension. The reaction mixture was kept at 45 o C for 3 hours under mechanical stirring. After this reaction at an elevated temperature, the reaction mixture was cooled down to room temperature and 500 mg of solid sodium cyanoborohydride was added giving a final concentration of ~40 mM. The reaction mixture was left in the dark for 24h at room temperature under mechanical stirring. After the reaction had completed, octyl-CNCs were isolated by centrifugation. These CNCs were washed with iso-propanol twice using centrifugation, re-suspended in deionised water and dialysed using cellulose dialysis tubes (molecular cutoff 14 kDa) against deionised water. Concentrated suspensions of purified octyl-CNCs were prepared by keeping CNC suspensions in the dialysis tubes at room temperature to allow water evaporation. A concentrated octyl-CNC gel was removed from the dialysis tube and kept as never-dried material.
The concentration of this gel was determined gravimetrically.
Preparation of suspension/gel samples.
All samples were prepared using deionised water (resistivity of 18.2 MΩ . cm -1 ). Samples of CNCs suspensions were prepared by dilution of concentrated stock solution by mixing using a magnetic stirring bar for 3 hours. When a composition is in the gel state, probe sonication cannot provide bulk treatment. Therefore, to keep the sample preparation consistent, sonication was not used. Corn starch (Sigma-Aldrich, UK) was used for the preparation of mixed gels. Samples were prepared at an 8 g scale. The required amounts of starch, concentrated CNC gel and deionised water were added to a 14 ml vial. Mixtures were kept at 80 ºC for 30 minutes under magnetic stirring.
Rheological measurements. A Discovery HR-1 rotational rheometer (TA Instrument) equipped
with stainless steel cone plate geometry (dimeter 40 mm, angle 4º) and a Peltier plate as a temperature controller was used for the rheological measurements of the gels. An isothermal dynamic frequency sweep was performed to determine the linear viscoelastic properties.
Frequency sweeps were conducted in strain controlled mode at 1.0 % strain for an angular frequency range from 0.4 to 100 rad . s -1 . Selection of experimental conditions for oscillatory rheology was based on an amplitude sweep of the CNC suspension ( Figure S1 ). Amplitude sweeps conducted at an angular frequency 6.34 rad . s -1 confirmed that a strain of 1.0% was inside the linear S-4 viscoelastic region (LVE) for all tested samples. Therefore, an amplitude of 1% was used in all strain-controlled oscillatory measurements. Steady-state shear viscosity was measured within a shear rate range of 0.01 to 100 s −1 . Figure S1 . Amplitude sweep of octyl-CNC suspensions of different concentrations (angular frequency 6.34 rad/sec).
Yield stress was determined in flow ramp experiments using the stress-controlled mode. The torque range was adjusted for different samples. Double logarithmic graphs of strain dependence on stress has two linear regions with different slopes. Linear fitting was used for both regions and the yield stress was determined at the crossover point of these two extrapolated lines.
Atomic Force Microscopy (AFM).
Samples were drop-cast onto freshly cleaved mica substrates using a diluted suspension with a CNC concentration of 0.02 mg/ml. The suspensions were allowed to dry before SPM investigation in an ambient environment. SPM measurements were conducted using a Multi-Mode VIII microscope with Nanoscope V controller operating under non-resonant PeakForce feedback control (Bruker, CA, USA). SCANASYST-FLUID+ cantilevers were employed with nominal spring constants of 0.7 N/m (Bruker, CA, USA). Real-time analysis of the force-separation curves were collected as part of the Peakforce control mechanism allowing the physical tip-sample interaction forces and sample topography to be mapped concurrently. Figure S2 . ATR FTIR spectra of CNC and octyl-CNC.
Results

Modification of CNC surface
Fourier transform infrared spectra ( Figure S2 ) and 1H NMR ( Figure S3 ) confirm the presence of alkyl chains in octyl-CNCs. Figure S2 presents absorbance of IR normalized to the absorbance at 1030 cm -1 (curves are shifted on the intensity axis to avoid overlapping). Intensity of the peak It has been previously shown that 1 H-13 C CP-MAS spectra of cellulose can be considered as quantitative for CP contact times larger than 600 μs. 2 Carbons 4 and 6 in CNC present distinct chemical environments for the core (C4 and C6 core) and surface (C4 and C6 surface) domains of the nanocrystals (Figure S3, a, b ). 3 This allows discrimination of the surface and bulk domains and their ratio from the areas of the C4 or C6 surface peak (AS) and the total area (AT) (C4 core + C4 surface or C6 core + C6 surface): = Eq. S1
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The peak areas were obtained from deconvolution of the CP spectrum in TopSpin 3.5 ( Figure   S3b ). Furthermore, integration of carbon peaks of the octyl group (corresponding to 8 carbon atoms) allowed the derivation of the degree of surface functionalization (DSF) according to Eq. S2:
where Aoctyl is the sum of deconvoluted areas of all octyl peaks and AS the area of the C4 or C6 surface peak. The factor 8 accounts for the number of carbons of the octyl moiety. Results of NMR analysis are presented in Table S1 . 
